A compact, easily transportable, pulse generator has been developed for a variety of applications that require a pulse duration in the range of 1p sec., voltages from 150 to 300 KV and current levels from 2,000 to 3,000 amps. The generator has a simple cylindrical configuration and modular construction to facilitate assembly and service. The generator may be operated single-pulse or repetitively at pulse repetition rates to 50 Hz in a burst mode.
Introduction
The compact, high voltage pulse generator has been designed as a driver for a variety of vacuum diode loads such as RF tubes and x-ray generators. It is also adaptable to other loads such as cold plasma reactors. It basically consists of a PFN and a pulse transformer arranged in a cylindrical configuration to facilitate handling and mounting ( Fig. 1). voltage is controlled by the PFN charge voltage which, in a uni-polar PFN configuration, is 30 KV and, in a bipolar configuration, rf: 30 KV.
Inputs to the generator include DC power, compressed air for the primary spark gap and a low voltage trigger pulse. The system can be operated in a single pulse mode or repetitively in bursts to 50 H, or continuously at 10 H,. For the present pulser modules, pulse repetition rates and duty cycle are limited by the primary spark gap. With a heavier duty spark gap, continuous rep rates to at least 50 Hz would be possible.
Description
The compact pulse generator, shown schematically in Figure 2 , consists of several subassemblies housed in flanged, fiberglass tube sections. The sub assembles include the high voltage pulse transformer, PFN, switch, and control group. To facilitate assembly and maintenance, the different subgroups are made separately and simply coupled together to form the complete system. Figure 3 shows the pulser sub assemblies, including transformer, PFN and switch section, in place, but with housings removed. The system was designed physically so that loads can be mounted directly to the transformer output bushing or coupled to the generator through an adapter to a high voltage cable between the transformer and load. The generator is typically operated in the horizontal position but could be modified to operate in any position. Simple saddle mounts provide a convenient means for mounting, As a vacuum diode driver, the generator is intended for "long pulse" (1 ps) applications and voltages in the range of 150 to 300 KV with current levels of 2,000 to 3,000 A. The source impedance of the system is nominally 50 ohms. Output impedance and pulse width are fixed by the characteristics of the PFN and transformer. Output The transformer has a two-turn primary surrounding an eighteen turn secondary. Both windings are spiral strips with an active width of 15 cm. Interturn insulation is polypropylene and kraft paper. The liquid impregnant for the transformer is castor oil. Square cross-section ferrite bars are placed around the inside of the cylindrical secondary coil form and around the outside of the primary winding to form a partial magnetic core. (Fig. 4) . The partial core serves to increase the coupling coefficient to approximately 0.97 from an air core value of about 0.93. Equally important, the primary inductance is increased from approximately one to two microhenrys which is enough to maintain the pulse droop within 15% for 1 microsecond. Total leakage inductance measured from the primary side is approximately 65nH.
Fig. 4 Transformer Winding with External Ferrite Bars
The PFN is made up of five or ten 0.31F tubular capacitors depending upon the energy requirement for a specific application. The capacitors are mounted between acrylic end plates which, on one end, form a base for bearing type electrical contact between the PFN and transformer end plate, and, on the other end, a mounting plate for the PFN Inductors, spark gap switch, and dump relay. A ceramic dump resistor is mounted between the plates. The PFN sub assembly is fastened to the end of the transformer with four nylon tie rods (visible in Fig 3) . It may thus be attached or detached with or without the fiberglass housing in place to facilitate access and service under different operating conditions. The trigger generator is a small tubular subassembly that contains a 15 KV pulse transformer plus a primary-side capacitor and thyristor to store and deliver the energy to the trigger transformer (Fig. 5) .
Because the main generator is often poorly grounded by the user, the trigger generator was designed with 50 KV primary to secondary isolation. This mevents high voltage "ground bounce" from being, impressed on the 500 Vdc and low voltage trigger circuit. For the same reason, L-R isolators are provided in the high voltage charge leads.
The trigger generator, control cable connector, and compressed gas lines are mounted on the rear bulkhead of the pulser assembly. This bulkhead is mounted with spacer rods to the end plate of the PFN. An 8-inch long housing encloses the rear section of the generator package. It is flange-connected to the main housing and is easily removable for access to the switch, trigger generator, dump relay, and control wiring. The rear bulkhead is edge-sealed around the flange of the short housing section to exclude dust and moisture from the PFN. When completely assembled, the pulse generator is quite rugged and capable of withstanding normal transportation shocks and vibration. 
Performance
With a normal pulse width of one microsecond (FWHM), vacuum diode loads typically have a time varying impedance that changes from about 100 ohms at the beginning of the pulse to between 50 and 60 ohms near the end of the pulse. It is therefore impossible to electrically match the generator to these loads. Consequently, there is always a voltage reversal following the main pulse. This reversal ranges from a maximum of 50% at 100 ohms to about 15% at 50-ohms. In some cases the voltage reversal is of no consequence. In others, it is desirable to prevent the reversal by placing a crowbar switch or a diode stack across the transformer primary. Ofthe two options, the diode stack is the preferred method, but requires a pulsed current capacity of about 20,000 amps. Parallel stacks without isolation have been successfully used on small systems to carry very high currents. They have not been demonstrated on the compact pulsers, but there is no apparent reason that they would not work as well on larger systems. Figure 6 shows the generator output with a 100 ohm load which is typical of most long pulse load impedances. For most applications, the 50% reversal following the main pulse is of no consequence. In others, it must be crowbarred to avoid damage to the diode. 
Conclusion
The compact pulser system serves a variety of laboratory and operational applications in the range of 150 to 300 KV, and 1 ps pulse duration. Except for pulse duration and rise time which are constrained by the PFN's inductance, variations in current, voltage, and pulse repetition rate are possible with some modifications to the system. The simple, rugged package makes it easy to transport, set up and operate, even in poor environmental conditions.
